TITLE OF THE INVENTION 
Frame Structure with Diversity 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates in general to wireless digital communications. In particular, 
the invention relates to a data frame structure for use in a wireless communications 
system, such as a single or multiple-handset cordless telephone system. 

2. Background Art 

Wireless telephone devices have become increasingly popular among 
individuals, finding use in many applications across both commercial and private 
sectors. The designers of modern telephone systems have embraced the use of digital 
technology to provide additional features, improved performance and increased 
reliability for the subscribers of the various systems. Whether it is a single-handset 
cordless phone used in the home, an enterprise-wide multiple-handset cordless phone 
system for a large corporation or one of the ubiquitous cellular phones, the vast majority 
of these systems have transitioned to, or are in the process of transitioning to, one of 
the numerous recognized digital communication standards. 

Digital telephone manufacturers have a wide variety of digital technologies from 
which to choose when designing digital phone systems with each technology offering its 
own advantages. One such digital communication standard is Time Division Multiple 
Access, or TDMA. TDMA allows multiple users to communicate on the same radio 
frequency by transmitting bursts of encoded data at distinct, pre-determined moments 
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in time, referred to as timeslots. TDMA technology is frequently used in implementing 
cellular and both single- and multiple-handset cordless telephone systems, as well as 
other communication systems. A related technology is Time Division-Duplex (TDD). 
TDD systems carry both transmit and receive data on the same frequency channel, with 
the two communicating units taking turns alternately transmitting and receiving bursts of 
encoded data at successive moments in time. This is shown graphically in the single- 
channel cordless telephone TDD frame structure of Figure 1 . A single-handset cordless 
phone system is illustrated wherein the base station (BS) first transmits to the handset 
(HS) 100, which is then followed by the handset reply 101. The Received Signal 
Strength Indicator (RSSI) period 102 at the end of the frame is used to measure the 
level of interference on any particular frequency for interference mitigation, and is 
optional. The shaded areas indicate guard bands 103a, 103b and 103c to allow for 
frequency and switching settling during which no data transmission occurs. 
Communication systems that use TDMA and TDD technologies benefit from improved 
performance as compared to the performance of older analog communication systems. 

Designers continually work to improve the quality and capacity of digital 
communication systems, including TDMA and TDD systems. One way in which system 
performance can be improved is through the use of frequency hopping. A frequency 
hopping radio system is one that transmits data (which in the context of cordless 
phones includes voice traffic) over a sequence of different carrier frequencies. At any 
one time, only one frequency is used but this frequency changes (hops) in the time 
domain. The sequence of frequencies used is known as the hop pattern. 
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Interference is always a concern in any communication system, and a frequency 
hopping communication system is no exception. Interference might take the form of a 
non-time-varying interfering signal, such as a fixed-frequency transmitter operating 
within the same frequency range as the hopping system, or a time-varying interference 
signal, such as another hopping system operating within the same band as the first 
hopping system. 

One way in which the effects of fixed-frequency or slowly time-varying 
interference can be mitigated is through the use of frequency adaptation techniques. 
Once a system senses the presence of a steady interfering signal, the hopping 
frequencies that coincide with the interfering signal can be avoided. However, 
interference that varies in time at a rate similar to or faster than the hop speed of the 
link in question typically cannot be avoided by such frequency adaptation techniques 
because the frequency of the interfering signal cannot be predicted. 

Another possible technique to combat interference and provide for more robust 
signal reception is the use of spatial diversity. Spatial diversity is created within a 
communications system when multiple physical paths are used to transmit the same 
information to its destination. This can be accomplished by using two separate 
antennas connected to two individual receivers that process the received signal. 
Because the signals inevitably take different paths to arrive at the physically separate 
receive antennas, the signals will be attenuated to different degrees by interference, 
fading or other phenomenon. The system can then select the stronger of the two 
received signals or combine the two signals in some fashion to provide the best 
possible received signal. 
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However, the implementation of such spatial diversity systems often increases 
the cost, increases physical size and power consumption requirements, and may not be 
appropriate for consumer products such as cordless telephones. More importantly, 
typical spatial diversity systems may not adequately address the interference 
challenges presented by other frequency hopping systems operating within the same 
frequency range. 

Other common interference avoidance techniques rely upon the careful selection 
of filters such as ceramic, SAW, and cavity filters which are effective against known 
sources of interference that exist outside the operating bandwidth of the communication 
system, but typically cannot address interference signals operating in-band. 
Furthermore, complex interference cancellation algorithms have been employed in 
some systems to address in-band interference, but the efficacy of these techniques is 
often doubtful while the processing power required to implement them may be 
significant, with high development costs, making such algorithms undesirable for many 
consumer communication systems. 

Thus, there exists a need to provide a low-cost, easy-to-implement solution that 
is effective against time varying interference for consumer communication systems 
such as cordless telephone systems and other systems that use TDMA TDD 
technology. 
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SUMMARY OF THE INVENTION 

A time division duplex data frame is presented. The data frame can be used 
within a wireless frequency hopping communications system for reliably conveying data 
between devices utilizing time and frequency diversity. Each frame includes a primary 
data transmission period, as well as a redundant data transmission period. The 
redundant transmission period can be used for transmitting the same data content as 
was transmitted within the primary data transmission period of the preceding data 
frame. Thus, the redundant transmission is diverse in both time and frequency as 
compared to the primary data period. The data frame may also include a preamble, 
during which error detection and/or correction information can be conveyed to evaluate 
whether errors are introduced by the communications link. 

Because the transmission of data during the redundant data period increases the 
power consumption and bandwidth utilized by a transmitting device, use of the 
redundant data period may depend upon various considerations. For example, where 
the transmitting device is battery powered, data may only be transmitted during the 
redundant data period when the level of power remaining in the device battery exceeds 
a predetermined threshold. Also, data may only be transmitted during the redundant 
data period when the quality of the communications link falls below a minimum 
acceptable level, such as when the bit error rate exceeds a predetermined threshold. 

The power consumption required by the reception of the data frame can be 
reduced by determining whether the contents of the primary data period of a given 
frame are received without error. If so, then the receiver can be depowered during 
reception of the redundant data period of the next data frame. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a plot of a prior art single-channel TDD hopping frame structure in a 
frequency hopping communication system. 

Figure 2 is a plot depicting a first TDD frame structure with time and frequency 
diversity. 

Figure 3 is a flow chart depicting a data handling routine for a frame structure 
with time and frequency diversity. 

Figure 4 is a plot depicting a second TDD frame structure with time and 
frequency diversity. 

Figure 5 is a plot depicting frequency hops over time for a hopping system with 
hopping and fixed-frequency sources of interference 

Figure 6 is a flow chart depicting a method to implement a time/frequency 
diversity frame structure upon the satisfaction of an operating condition. 

Figure 7 is a flow chart depicting a method to implement a time/frequency 
diversity frame structure based upon power reserves available in a battery-operated 
transceiver unit. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

While this invention is susceptible to embodiment in many different forms, there 
are shown in the drawings and will be described in detail herein several specific 
embodiments, with the understanding that the present disclosure is to be considered as 
an exemplification of the principle of the invention and is not intended to limit the 
invention to the embodiment illustrated. 

Figure 2 illustrates a time division-duplex (TDD) frame structure that transmits 
each packet of data twice in successive frequency hops so that there is both frequency 
and time diversity in the data transmission. Thus, if data is corrupted by an interference 
source during a first, primary transmission, then a second, redundant transmission of 
that same data may increase the likelihood that the data will be received without 
corruption. 

The frame structure begins with guard band 109, which provides time for settling 
of the transmitter carrier frequency. Transmit preamble 110 contains data which is not 
subject to time/frequency diversity, such as a synchronisation field. Primary transmit 
data period 111 contains data content which is new to the current frame, i.e., which is 
transmitted for the first time. Redundant data period 112 contains data that was 
transmitted during a prior frame. The data transmitted during periods 111 and 112 
implements an error detection protocol, such as through the inclusion of a CRC field. 
Guard band 113 allows a transceiver implementing the frame structure of Figure 2 to 
switch between transmit and receive modes of operations, such as for settling of a 
transmit/receive (T/R) switch or a phase-locked loop (PLL). Moreover, the guard bands 
further provide timing margin to accommodate the effects of propagation delay in the 



communications system. Receive preamble 114 allows for the receipt of a data field 
analogous to that which is transmitted during transmit preamble 110. During primary 
receive data period 115, the first transmission of a data block is received. During 
redundant data period 116, the second transmission of a data block, which was 
previously received during the prior frame, is received a second time. Guard band 117 
provides time for PLL settling, as may be necessary for retuning of the receiver circuit. 
Finally, RSSI field 118 provides a period during which a different carrier frequency can 
be observed by the transceiver, such as may be desirable to determine the level of 
interference or other communications occurring on a particular frequency channel. This 
frame structure is then periodically repeated on each frequency in the frequency hop 
sequence. 

By transmitting data packets on different frequencies and at different times, 
transient interference, such as that arising from many frequency-hopping 
communications applications, is more likely to be avoided. When interference is 
present at the time and frequency at which a primary data transmission occurs, that 
interference source is not likely to be present at the different time and different 
frequency at which the redundant data transmission occurs in the subsequent frame. 

Figure 3 illustrates a data handling technique implemented by the receiver 
portion of a transceiver operating using the frame structure of Figure 2. The contents of 
a data packet that is received for the first time in a first frame (e.g. during the primary 
data receive period 115) is referred to as D, in Figure 3, while data being received for 
the second time in the subsequent frame (e.g. during the redundant data receive period 
116) is referred to as D 2 in Figure 3. is received, step 119. An error detection and 
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correction protocol, such as a cyclical redundancy check ("CRC"), is calculated based 
upon step 120. The CRC calculated in step 120 is compared to the error detection 
field received within D 1 during the first frame to determine whether the contents of 
were corrupted during transmission, step 121. If D, was received correctly, then the 
second data transmission D 2 during the subsequent data frame is not required, so any 
data received during this second period in the subsequent frame can be ignored. Thus, 
data is stored in a buffer (or memory) for later use, step 122. 

In the embodiment of Figure 3, when is received correctly, the transceiver's 
receive circuitry is de-powered during the redundant receive period of the subsequent 
frame, step 123, such that power is conserved during the period during which D 2 would 
otherwise be received. This operation can often provide substantial power savings 
since under normal conditions the data will be received correctly on the first occasion. 
While a data frame analogous to that of Figure 2 can be implemented with the order of 
the primary and redundant receive periods switched in other embodiments, 
implementation of this power conservation technique may require that the primary data 
period be received before the redundant data period. Otherwise, for example, lag times 
involved in depowering and repowering the receiver between the receive preamble and 
the primary receive data period - both of which should always be received - would 
diminish the period of time during which the receiver could remain depowered. 

If, however, at step 121 the CRC indicates that D 1 is corrupted, then redundant 
transmission is required. D 1 is discarded, step 124, and the redundant transmission of 
the same data during the subsequent data frame, D 2 , is received, step 125. Upon 
reception, D 2 is checked for errors via calculation of the CRC, step 126, and the CRC is 
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evaluated, step 127. If D 2 is received without corruption, then D 2 is stored in the buffer 
for subsequent processing, step 129. However, if the redundant transmission of the 
data D 2 is also corrupted, null data is stored in the buffer, step 128. The process of 
Figure 3 is subsequently repeated for each data frame. Meanwhile, data stored in the 
buffer can be retrieved as required for further processing as appropriate. 

While in the above-described embodiment the redundant transmission of the 
previous frame's data occurs after the transmission of the new data to achieve power 
savings through strategic deactivation of the receiver circuitry, in other embodiments it 
may be desirable to reverse the order of data transmission. Specifically, buffer memory 
and computational requirements can be reduced by retransmitting the prior frame's data 
before transmitting new data. This allows the receiver to, for example, choose between 
the primary and redundant transmissions of any given data block, and subsequently 
pass that data on for processing, before any subsequent new data is received and 
stored. Thus, by reversing the order of data transmission from that shown in the 
drawings, the receiver need not handle both new and old subpackets of data 
simultaneously. 

While Figure 2 illustrates a frame structure in the context of a cordless telephone 
base unit in a single-handset system, it is understood that the frame structure can be 
used by the associated cordless telephone handset by reversing the positions of the 
transmit periods 110, 111 and 112 with receive periods 114, 115 and 116, respectively. 
Such a system is depicted in Figure 4, where receive periods 210, 211 and 212 are 
analogous to receive periods 114, 115 and 116 in Figure 2. Similarly, in Figure 4 
transmit periods 214, 215 and 116 are analogous to transmit periods 110, 111 and 112 
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in Figure 2. Furthermore, the timing of the base and handset data frames are 
configured such that when the base unit transmits data during the primary and 
redundant transmit periods, the handset receives the transmitted data during the 
associated handset primary and redundant receive periods, respectively. Similarly, 
when the handset transmits data during the primary and redundant transmit periods, 
the base unit receives the transmitted data during the associated base unit primary and 
redundant receive periods, respectively. 

The invention can be readily employed in the context of a multiple-handset, time 
division multiple access cordless telephone system by including a plurality of receive 
slots comprised of preamble, primary and redundant periods and a plurality of transmit 
slots comprised of preamble, primary and redundant periods. Also, a system 
implementing the frame structures of Figures 2 and 4 can support a second handset 
communicating during the redundant slot when the diversity feature is not used. The 
frame structure can be readily utilised in wireless digital communications applications 
other than cordless telephones. 

Figure 5 illustrates the operation of the frame structure of Figure 2 in the context 
of a frequency hopping system with both fixed-frequency and hopping interference 
sources. Transmissions generated by three overlapping communications systems (two 
frequency-hopping systems and one fixed-frequency system) are plotted as a function 
of time versus frequency. Transmissions of the fixed-frequency system are depicted as 
shaded region 106. Transmissions of first frequency hopping system 104 are illustrated 
by frequency hops with hatching sloping downward to the left. Transmissions of 
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second frequency hopping system 105 are illustrated by frequency hops with hatching 
sloping downward to the right. 

Communication systems 105 and 106 both generate undesired interference with 
respect to communications system 104. Each time the frequency of system 104 
clashes with an interfering signal (either the hopping signal 105 or the fixed-frequency 
signal 106), data may be lost with a resulting degradation of voice quality or data 
throughput. For example, frequency hops 104a and 104c occur at the same time and 
frequency as transmissions of fixed-frequency communications system 106. Hop 104e 
suffers from interference with second hopping system 105 and is thus shown as 
including both hatching sloping downwards to the left and hatching sloping downwards 
to the right. Thus, the use of frame structures for system 104 other than the present 
frame structure could likely result in degraded communications due to interference 
during hops 104a, 104c and 104e. 

However, via implementation of the diversity frame structure of Figure 2, data 
corrupted by the interference sources of Figure 5 is re-transmitted in the subsequent 
hop where the data is likely to be received without interference. For example, data 
transmitted during corrupted hop 104a is retransmitted during hop 104b, which can be 
correctly conveyed without interference. Similarly, data transmitted during corrupted 
hop 104c can be properly received during hop 104d. Data transmitted during corrupted 
hop 104e can be properly received during hop 104f. 

A communication system that employs the frame structure of Figure 2 can be 
configured to operate in a multitude of modes, including a diverse mode, a non-diverse 
mode and an asynchronous mode by choosing whether or not to receive and/or 
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transmit the redundant data in a subsequent frame. In a fully diverse mode of 
operation, both communication units would transmit and receive data periods 112 and 
116, respectively, as described above. In a non-diverse mode, neither unit would 
transmit or receive the redundant data periods 112 and 116. In an asynchronous 
mode, one communication unit operates in a first diversity mode, with either a 
communications uplink or a communications downlink operating in a diverse mode, 
while the other link implements a non-diverse mode of operation, such that improved 
communications reliability is achieved for only one direction of a bi-directional link. 

Figure 6 illustrates a technique for controlling the diversity mode of operation for 
a wireless communications device operating according to the frame structure of Figure 
2, whereby the mode of operation is dependent upon an operating condition. 
Specifically, the technique of Figure 6 forces a device into a diversity mode of operation 
when necessary to maintain adequate quality of the communications link. Data is 
received by a device, step 140, in a non-diverse mode of operation, and the bit error 
rate ("BER") of received data is calculated, step 141. The BER is then compared to a 
predetermined threshold associated with the minimum desirable performance level, 
step 142. If the BER exceeds the threshold, such that the non-diverse mode of 
operation is unable to achieve the desired communications link quality, then the device 
transitions the communications link into a diverse mode of operation, such that 
subsequent data transmissions are received with time and frequency diversity. For 
example, the device may transmit a command in the next frame requesting that the 
counterpart transmitter transition into a diverse transmission mode. If the BER is below 
the threshold, step 142, then the device continues operating in a non-diverse mode. 
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Thus, when interference does not substantially degrade system performance, then 
bandwidth and power can be conserved by operating in a non-diverse mode and 
avoiding redundant transmission and reception of data packets. However, when 
interference is present, the system can readily transition to a diverse communications 
link to maintain high levels of system performance. While Figure 6 uses BER to control 
the diversity mode, other system parameters can also be used to determine the 
diversity mode. 

Because transmission and reception of redundant data packets can consume a 
substantial amount of power, it may also be desirable to base the selection of operation 
mode upon the power level remaining in a battery powered communications device. 
Figure 7 illustrates a method by which a battery-powered communications device can 
be forced to a non-diversity mode of operation based upon the power level remaining in 
the battery. The remaining battery power is determined, step 150. The battery power 
level is then measured to determine whether the remaining power level exceeds a 
predetermined threshold, step 151. If so, the operation repeats without effecting the 
mode of operation. If not, then the device is transitioned into a non-diverse mode of 
operation, step 153, thereby conserving battery power and extending the life of the 
communications device. Because a transceiver's transmitter typically consumes 
substantially more power than a receiver circuit, it may be desirable to only switch the 
transmitter mode of operation to non-diverse in step 153, such that a portable device 
can still benefit from redundant transmissions received from a more highly powered 
counterpart device. It is further understood that many variations of diversity operating 
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modes between two or more communication units are possible without departing from 
the invention. 

The foregoing description and drawings merely explain and illustrate the 
invention and the invention is not limited thereto except insofar as the appended claims 
are so limited, inasmuch as those skilled in the art, having the present disclosure before 
them will be able to make modifications and variations therein without departing from 
the scope of the invention. 
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